Biotic interactions among two different guilds of species are very common in nature and are modelled as bipartite networks. The usual ways to visualize them, the bipartite graph and the interaction matrix, become rather confusing when working with real ecological networks. We have developed two new types of visualization, using the observed structural properties of these networks. A technique called k-core decomposition identifies groups of species by their connectivity. With the results of this analysis we build a plot based on information reduction (Polar Plot) and another which takes the groups as elementary blocks for spatial distribution (Ziggurat plot). We describe the basic kcorebip package for analysis and static plotting and BipartGraph, the interactive tool to explore and visualize networks.
Introduction 5
Network Science is a powerful tool for ecology. Species and their interactions, 6 define the global architecture of communities [1] . Interactions like predation or 7 parasitism are positive for one species and negative for another. Commensalism 8 is positive for one partner and neutral for another while mutualism is benefitial 9 for both sides [2] . 10 The network model of an ecological community represents species as nodes 11 and interactions as links. In mutualism, species fall into two disjoint guilds, 12 such as plants and pollinators or hosts and parasites. Ties among species of 13 the same guild are forbidden. This configuration defines a bipartite network, a 14 common structure in other walks of network science. 15 Visualization plays an important role in network analysis. A scientific visu-16 alization is a graphical interface between data and people [3, 4, 5] . For instance, 17 a field ecologist could identify central species and those most endangered with 18 a good network plot. The range of possible applications is wide [6], but tools 19 designed for ecological networks are scarce [7, 8, 9, 10] . Pervasive plots in literature are the bipartite graph and the interaction ma- The second common type of bipartite visualization is the interaction matrix.
31
Species of one guild are arranged along rows, and species of the opposite guild 32 along columns. A filled cell marks the interaction between two species.
33
Mutualistic networks show a special configuration. There is one group of very 34 interconnected nodes, the generalists, that provide stability and resilience 35 [12]. Species with a low number of links (degree) are tied to those specialists.
36
This property is called nestedness and there are different indexes to measure 37 the strength of this core-periphery organization. Modularity accounts for the 38 existence of small groups of nodes of high degree inside a network sparsely con-39 nected [13] . With the interaction matrix it is easy to visually discover patterns 40 of nestedness and modularity. On the other hand, indirect interactions are less 41 apparent than in the bipartite plot and the matrix also becomes difficult to 42 interpret when the number of species grows.
43
To overcome these limitations, there are two possible attack strategies: in-44 formation reduction or taking advantage of known network traits to order nodes 45 and links in space. In this paper, we explain how structural properties of bi-46 partite ecological networks are the basis of two new types of visualization. We 47 also describe an interactive application to plot them. Both rely on a classical 48 technique called k-core decomposition.
49

Plots
50
The rationale behind this research is that, as ecological networks are not 51 random, this fact should provide a natural way to group species using their 52 connectivity properties. The k-core decomposition is a fast and efficient way to 53 3 identify those groups [14, 15] .
54
The k-core of a graph G is a maximal connected subgraph of degree k. Each 55 node of the core of order m (called m-shell ) has links with at least m other nodes 56 that belong to that same core. The practical implication of this definition is 57 that species are classified according to their connectivity. The innermost shell is 58 the set of highest k index nodes. Species with higher degrees are the generalists.
59
As k index decreases species become more specialist. We refer to [16] for further 60 details on the k-core analysis.
61
As a result of the analysis we define two magnitudes. The first one is k radius .
62
The k A radius (m) of node m of guild A is the average distance to all species of the
where dist mj is the shortest path from species m of guild A to species j of guild 65 B. In an intuitive way, k radius measures how far the species is from the most 66 connected shell, the group that is the corner stone of the community.
67
The second magnitude is k degree . It is defined as the sum of the inverses of 68 k kradius of neighbor species:
where a mj is the element of the interaction matrix that represents the link, The k-core decomposition helps to understand the structure and to visualize 74 very large systems and networks [17, 18] are noteworthy. The first one is the bipartite nature of the networks, so space is 79 divided in two half planes, one for each guild. Node shapes are also different for 80 each guild. The center of each node is plotted at a distance that is its k radius .
81
Angle does not convey information, the algorithm computes it to reduce node 82 overlapping. The area is proportional to k degree . Color is assigned according to 83 k-shell. Optionally, the user may choose to display the histograms of k degree , 84 k radius and k-shell. follows the same convention for input files.
145
The function network k analysis computes the k-magnitudes and other 146 useful indexes, using the functions that provide packages as bipartite and 147 igraph [23, 24] . We refer to the user manual for details.
148
Ziggurat and polar graphs use basic calls to the ggplot2 graphics package The kcorebip package is a powerful solution for researchers with program-153 ming skills that need high quality plots for scientific publications. When we 154 requested feedback of potential users in the ecology field, a major concern was 155 usability. Bipartgraph was designed with this need in mind.
156
The technological choice was straightforward once kcorebip was ready. We found a fast and almost non intrusive solution creating a new SVG object.
166
The ziggurat is a set of rectangles, lines and texts. The most time consuming 167 tasks are network analysis and spatial distribution. These computations are 168 performed just once, and besides each ggplot2 element the function plots, it 169 creates the SVG equivalent.
170
The browser displays the SVG ziggurat with multiple options for the user: 171 tooltips, select a node or a link, highlight connections, zoom in and zoom out.
172
In addition, a second panel shows information of highlighted species and the 173 available information on Wikipedia ( fig. 6 ).
174
The configuration panels make plot properties easy to modify. Visual and 175 intuitive Shiny controls, as sliders or checkboxes, hide the complexity of the 176 input parameters of the ziggurat graph function.
177
At any moment, the user may download the high quality, high resolution 
